The purpose was to examine a round trip trans-American jet travel on performance, hormonal 1 alterations, and recovery. Ten matched pairs of recreationally trained men were randomized to 2 either a compression group (COMP) (n= 10, age: 23.1 ± 2.4 years, height: 174.8 ± 5.3cm, body 3 mass: 84.96 ± 10.16 kg, body fat: 15.3 ± 6.0%) or control group (CONT) (n= 9, age: 23.2 ± 2.3 4 years, height: 177.5 ± 6.3cm, weight: 84.35 ± 8.99 kg, body fat: 15.1 ± 6.4%). Subjects flew 5 directly from Hartford, CT to Los Angeles, CA one day prior to a simulated sport competition 6 (SSC) designed to create muscle damage and returned the next morning on an overnight flight 7 back home. Both groups demonstrated jet lag symptoms and associated decreases in sleep 8 quality at all time points. Melatonin significantly (P < 0.05) increased over the first two days 9 and then remained constant after the SSC. Epinephrine, testosterone, and cortisol values 10 significantly increased above resting values before and after the SSC with norepinephrine 11 increases only after the SSC. Physical performances significantly decreased from control values 12 on each day for the CONT group with COMP group exhibiting no significant declines. Muscle 13 damage markers were significantly elevated following the SSC with the COMP group having 14 significantly lower values while maintaining neuromuscular performance measures that were not 15 different from baseline testing. Trans-American jet travel has a significant impact on parameters 16 related to jet lag, sleep quality, hormonal responses, muscle tissue damage markers, and physical 17 performance with an attenuation observed with extended wear compression garments.
Introduction
If anyone has ever been in a plane for over 5 hours it might be obvious that there is a 28 great deal of stress and what we understand about this phenomenon is woefully lacking. Thus, 29 due to the dramatic impact on human physiology, jet travel across multiple time zones has been a 30 topic of some interest (24, 33) . However our understanding of jet travel on performance and 31 recovery after intense exercise stress is less understood. In part, this is due to the need for an 32 extensive and costly experimental undertaking to investigate such questions.
34
While the disruption of the body's circadian mechanism is most notably reflected in the 35 changes in the pineal gland's secretion of melatonin, which is sensitive to established light-dark 36 cycles (1, 11), a multitude of other factors can contribute to travel fatigue and exacerbate the 37 magnitude and duration of "jet lag" (33). Jet lag can result in a sensation of disorientation as 38 well as other symptoms including tiredness, inability to sleep at the normal time in the new time 39 zone, loss of concentration, loss of psychological drive, headaches and general malaise (29) . 40 However, sleep loss appears to be one factor that may mediate many of the fatigue symptoms of 41 jet lag and primarily contribute to performance decrements (37).
43
Although the concept of jet lag is well established, its effects on physical performance 44 have not been well studied. At present, only a small number of studies have observed these 45 effects and the parameters that have been assessed are diverse, including running speed alone (6), 46 sprint and middle-distance performance (45), grip strength and reaction time (30) and subjective 47 assessments of training quality (25) . However, these studies examined the effects of long-haul Therefore, the primary purpose of this investigation was to examine the impact of trans- This study design represented an extensive and comprehensive examination of trans-119 American travel. A detailed schedule is presented in Table 1 . A battery of physiological, 120 psychological, and physical performance tests were administered during a United States east 121 coast to west coast and return travel schedule. After extensive familiarization, baseline testing 122 was performed the day before travel. Subjects were asked not to ingest any alcohol during the 123 course of the study. Similar to our prior muscle damage studies after the simulated sporting 124 event creating muscle damage subjects were ask to refrain from the use of any medication or 125 extended showers. For all testing each of the participants wore their same athletic equipment 126 including shoes. The schedule developed would be typical for many NCAA teams of athletes 127 following NCAA regulations, who are based in the northeast United States participating in 128 competitions on the west coast. We used this team approach in conducting our investigation as 129 typical to schedules and organization of event sequences in order to provide insights and 130 generalizations to multitude of similar jet travel to and from recreational and competitive events 131 each year in the United States. Following a detailed explanation of study procedures as well as the risks and benefits 137 involved in the study, all participants provided informed consent prior to the start of the study.
138
The study was approved by the university's Institutional Review Board for use of human 139 subjects in research. Ten pairs of subjects were matched for Ponderel Index and body fat 140 percentage and activity backgrounds and then randomized into one of two groups. Body After randomization the groups were supplied with two sets of either loose fitting apparel 160 or compression garments so that they could be laundered during the study time frame. The 161 garments were worn after the first baseline testing session and continued to be worn for the entire 162 experimental time frame. The compression garments had been designed for long term wear.
163
The garments were worn at all times during the study ( 
Familiarization
We used an extensive familiarization process prior to data collection. Familiarization 177 sessions (i.e., 3-4 as needed before the final Day 1 familiarization session, see Table 1) were 178 conducted with the participants to reduce or limit learning effects. During these sessions each 179 participant practiced the test so that each participant was fully familiarized with each of the 180 testing procedures. Each participant had all questionnaires explained to them and investigators 181 answered questions so that they understood the different elements of each questionnaire. The 182 participants took the questionnaires with them to further familiarize themselves with the 183 questionnaires and were allowed to ask any subsequent questions that arose for proper 184 completion. All participants were non-smokers and had not used any anabolic drugs and were cleared 188 medically by a physician so as not to have any clinical, orthopedic, or pathological conditions 189 that would confound the effects of the study. In addition, subjects were requested to refrain from 190 taking any oral pain medications including NSAIDs during the study and to abstain from any 191 normal heavy lifting for a period beginning 3 days prior to the study. After completing the 192 simulated sporting event, subjects were asked to limit water temperature and duration when 193 bathing, to abstain from physical activity other than those activities required during daily living 194 tasks, and to use no pain-relieving modalities including heat, ice, or massage during the study. In 195 addition, a registered dietician monitored food intakes and screened subjects for any usual diets 196 or supplements which might have compromised or confound the variables measured in the study.
197
Normal caffeine intakes were observed and no attempt was made to limit caffeine ingestion as 198 only water was allowed 4 hrs prior to testing.
Testing Battery 201
Urine and Blood Sampling 202 Prior to the physical testing battery, urine and blood samples were collected.
203
Urine Samples: Upon arrival to the laboratory, participants provided a urine sample and 204 hydration state was confirmed by measurement of urine specific gravity (USG) with a handheld 205 refractometer (Reichert, New York, NY). A USG < 1.020 indicated euhydration. Due to 206 frequent verbal instructions to keep hydrated and to drink 0.5 liters of water at night and in the 207 morning almost all subjects met this requirement before all testing sessions during the study. If 208 USG was > 1.020, then participants were instructed to drink water until their USG was < 1.020.
210
Blood Samples: An indwelling Teflon cannula was inserted by a trained phlebotomist 211 into superficial antecubital forearm vein and after sitting quietly for 10 minutes in the seated 212 position a 33 ml blood sample was collected from a vacutainer set-up into serum (10ml), EDTA 213 (10ml), Na citrate (5ml) and Na Heparin (8ml) tubes. Serum and plasma samples were 214 immediately centrifuged at 1,500 g for 15 min at 4 ° C aliquoted in to appropriately sized and 215 labeled Eppendorf tubes and stored at -80° C until subsequent analyses. Samples were thawed 216 only once for analysis. All blood samples were performed in duplicate analyses. Devices, Sunnyvale, CA) at the appropriate wavelength for that particular assay and customized 227 data analytics. Cortisol and total testosterone were measured by ELISA from serum 228 (CALBiotech, Spring Valley, CA). The intra-assay coefficients of variation were 5.4% and 4.1% 229 and the inter-assay coefficients of variation were 6.8% and 7.6% for cortisol and testosterone, 230 respectively.
232
Epinephrine and norepinephrine were extracted from serum samples and acylated 233 according to manufactures instructions (ALPCO Diagnostics Salem, NH). The prepared samples 234 were then measured by ELISA. The intra-assay coefficients of variation were 8.1% and 3.6% 235 and the inter-assay coefficients of variation were 10.8% and 5.8% for epinephrine and 236 norepinephrine, respectively.
238
Melatonin was analyzed from the EDTA-plasma samples by ELISA (Abnova, Walnut, 239 CA). Intra-and inter-assay coefficients of variations for melatonin were below 7.3%.
240

Physical Testing
Per Table 1 , when specific time frame physical performance testing was to be performed, arm hanging straight down at their side with no bend in the elbow. Each subject was allowed 261 three attempts with the best of the three attempts used for analysis. From our work with 262 NHANES we used the same testing protocol as described (i.e., chapter 3) for grip strength (http://www.cdc.gov/nchs/n(nyfs/manuals.htm). Each subject was tested on the same calibrated 264 dynamometer over the course of the study at both testing sites.
266
Quickness and Reaction: Per Table 1 , the Quick Board™ test was only performed at the 267 Human Performance Laboratory in CT before and after the air travel. The Quick Board™ 10 seconds and the number of correct were recorded and used for analyses in this investigation.
277
About one minute rest was taken between trials and in this study the best score of three trials was 278 used for analysis. during the data collection period. This questionnaire was designed to measure all of the 298 symptoms of jet lag at different times of day and is a common validated tool used to assess jet 299 lag in athletes and was the underlying reason why we chose to use it in this study (44).
300
Questionnaires for each day of the investigation were collected by the research team. Upon completion of the testing, participants showered and changed and were transported 320 to the campus hotel and were checked into their rooms. As with a team, a group dinner was 321 scheduled at 1830 hrs. After dinner, all participants were instructed as to the schedule for Day 2, 322 rested in the hotel and instructed to turn in by 2200 hrs to get ready for the next day's events. a highly aroused environment for the exercise protocol. We added additional plyometric and 342 eccentric exercise stress to a repeated sprint protocol already shown to produce significant 343 muscle tissue damage (13). Our protocol consisted of five sets of 10 repeated maximal effort 344 countermovement jumps, 5 sets of 10 plyometric push-ups, 5 sets of 10 Nordic hamstring curls 345 and 5 sets of 10 standard pushups. All exercises were performed with 60s rest between sets.
346
These exercises were followed by the repeated sprint protocol (13). Subjects performed 15 20m 347 sprints with a maximum of 10m deceleration distance (thereby producing eccentric damage).
348
Sprints were performed on the minute, therefore the rest period between sprints was the time 349 remaining in each minute. At the completion of the simulated sporting event the participants immediately returned to the laboratory at 1500 hrs PT for post-event urine and blood sampling.
351
After testing participants prepared for travel back to CT. The next day at 13:00 hrs ET subjects reported to the laboratory for the final set of tests 369 to complete the investigation. All subjects had been instructed to follow the same schedule in 370 the morning with a 7:00 to 8:00 ET breakfast and then again as with the 13:00 hrs testing 371 consume only water to remain hydrated. The entire test battery was again completed and all questionnaires were documented to have been completed and handed into the research team.
373
Each of the subjects was then follow-up on over the next few days to assure that they were 374 satisfactorily recovered. No injuries or adverse events occurred over the course of the 375 investigation.
376
Statistical Analyses
377
These data are presented as means ±SD. Statistical power was determined to range from 378 0.83 to 0.96 for the n sizes used in the study (nQuery Advisor; Statistical Solutions, Saugus, MA, 379 USA). Reliability range for the dependent variables intra-class correlation coefficients were R ≥ 380 0.85. We met all statistical assumptions for linear statistics. Any variables that did not meet this 381 assumption were logarithmically (log 10 ) corrected and tested again. An independent t-test was 382 used to compare demographic characteristics between the experimental groups and no significant Significant main effects and interaction effects were observed for the CMJ performances.
397
In the CONT group a significant decrease in the countermovement vertical jump (CMJ) height 398 was observed upon arrival at the west coast on day 2 and differences from BL continued through 399 the rest of the experimental time period through day 5. For the COMP group no significant 400 differences from BL were observed over the experimental period yet jump height was 401 significantly higher from the CONT group on day 3 prior to the simulated sporting event and 402 remained higher on days 4 and 5 upon return to the east coast. Pro Agility Drill (5-10-5) Significant main effects and interaction effects were observed for pro agility drill (5-10-410 5) (PAD). Significantly slower times were observed in the CONT group upon arrival at the west 411 coast on day 2 and this difference from BL continued through days 3 and 4 but recovered to BL 412 values on recovery day 5 back on the east coast. No significant changes were observed for the 413 COMP group from BL over the entire experimental period but at each time point after arrival on 414 the west coast the times were significantly lower than the CONT group. With the high number of short term trips (3-4 days) requiring trans-American jet flights 505 that occur for individuals or athletes participating in strenuous competitive athletic or 506 recreational events, few data are available to simultaneously document the physiological, 507 perceptual, and performance effects and/or offer additional solutions to potential problems 508 associated with the concept of jet lag. The primary finding of this study is that travelling 509 westbound 3 times zones can have a significant effect on power, agility and speed performances 510 in physically trained young men if performed both immediately following, as well as 511 approximately 24 hours following arrival, at least in the case of the CONT group. These 512 differences are similar to previous research demonstrating impaired performance following 513 traversing a greater number of time zones of 5-8 time zones (25, 30, 45) . Although prior studies 514 have observed team performances in sporting competitions (3, 16, 36, 38) , this is the first study 515 to identify the specific parameters that are affected following travel across 3 time zones.
The mechanism that has been proposed to cause these performance disturbances is the 517 phenomenon known as jet lag, where via circadian disruption sleep is impaired, general fatigue is 518 increased and cognitive and physical performance degrades. Much like prior research, this study 519 showed significant jet lag, fatigue and reduced sleep quality following a westbound flight. In the 520 CONT group only, the psychological effects, indicated by the LJLQ, were manifested as 521 negative effects on physical performance with reductions in power, agility and speed shown in 522 We were particularly interested in the physiological mechanisms as mediated by 525 hormonal responses which may help in our understanding of the jet lag phenomenon and its 526 effects. What has not been identified in prior work is the hormonal milieu that is a consequence 527 of the circadian disruption and is associated with the changes in jet lag phenomenon and physical 528 performance. As can be seen in Figure 1 , adrenergic responses were not significantly elevated 529 until just prior to the anticipation of impending physical activity as represented in this study as a 530 simulated sport competition workout. Prior studies have shown that anticipatory stress of 531 physical activity is a dramatic physiological regulation of the "fight-flight" response (9, 22).
532
Interestingly, norepinephrine did not significantly elevate until after the exercise stress again in the CONT group was that they reported several hours later to be suffering significant jet lag 562 and fatigue, and expected to sleep poorly the next night (Table 3 , Day 2 PM). showed significantly better performances than the CONT group at the corresponding time points.
569
Thus it could be speculated that the enhanced venous return due to wearing the compression 570 garments with adequate pressure was having a notable effect immediately upon arrival, as well 571 as 24 hours following the westbound flight (42).
573
No studies have really examined the effects of long term wear compressive garments 574 making the reasons for the performance maintenance over the westbound travel open to 575 speculation. A variety of reasons might be proposed including such concepts as increased 576 oxygenation of muscle, better toleration to airline coach travel with regards to resting circulatory 577 dynamics and oxygenation, and/or better muscle repair from confined limb stress configurations 578 (5, 7, 40) . What is fascinating is that despite significant jet lag, fatigue and perceptions of poor Consistent with ours and other investigative studies the performance of the COMP group 584 following the simulated game was to be expected, due the substantial enhancement of the 585 recovery process that has been shown previously due to compression garments (18, 20) .
586
Different from prior work, this study used the same garments in an extended wear context. As 587 can be seen in Figure 2 , the COMP group demonstrated significant attenuations in markers of 588 muscle damage immediately following the simulated event, as well as immediately following the 589 eastbound return trip, and even 24 hours following arrival on the East Coast. The higher markers 590 of muscle damage in the CONT group likely reflect the damage to the muscle tissues' myosin 591 motors in part mediating the significantly reduced power, agility and speed performance in 592 comparison with the COMP group (19, 20) .
594
As expected, cortisol and testosterone showed significantly elevated concentrations in 595 both groups after the simulated sport competition which emphasized eccentric and decelerating 596 loads (12, 39). Interestingly, testosterone was again elevated following the eastbound flight 597 again in both groups suggesting a continued anabolic signaling being maintained during the 598 recovery period (see Figure 3 ). However, this effect in potential response to travel stress was 599 augmented by the typical diurnal variation of testosterone, with a peak between 7-10am.
600
Interestingly, cortisol was not elevated after the eastbound flight which may be due to the trained 601 nature of our test participants (23).
603
In summary, we had the unique opportunity to study a host of different questions 604 about jet lag/travel stress over a distance traveled by a host of competitive teams and recreational 
